Aims To evaluate the effects of gestational diabetes and pre-existing diabetes on maternal morbidity and medical costs, using data from the Korea National Health Insurance Claims Database of the Health Insurance Review and Assessment Service.
Introduction
Gestational diabetes mellitus is associated with maternal morbidity and complications such as pre-eclampsia, premature rupture of membranes and Caesarean section [1] . The prevalence of gestational diabetes has recently escalated and may be related to increases in maternal age, the glaring obesity epidemic or increasingly sedentary lifestyles [2] . In 2007, gestational diabetes increased national medical costs in the USA by $636 million [3] and is strongly correlated with an increased risk of developing Type 2 diabetes later in life for both mother and child [2, 4] . The rate of pre-existing diabetes mellitus before pregnancy has also increased recently as a result of the increasing prevalence of obesity and diabetes among females of reproductive age [4] . Preexisting diabetes is associated with complications during pregnancy, including increased rates of macrosomia, congenital anomaly and Caesarean section [5] [6] [7] [8] . The clinical and social significance of gestational diabetes and preexisting diabetes has also become an important issue in the arena of public health because these diseases can cause maternal complications and influence the development of the offspring during the pregnancy and later in life. The medical costs and social burdens caused by gestational diabetes and pre-existing diabetes are also problematic.
A large number of studies have investigated the maternal morbidity and medical costs associated with gestational diabetes and pre-existing diabetes. In Korea, rates of gestational diabetes and pre-existing diabetes have recently been increasing, but few studies have evaluated these diseases specifically in Korean females. In the present study, therefore, we investigated the maternal morbidity and medical costs associated with gestational diabetes and pre-existing diabetes in Korean females of reproductive age relative to female subjects without gestational diabetes or pre-existing diabetes using information from the Korea National Health Insurance Claims Database of the Health Insurance Review and Assessment Service.
Patients and methods

Data source
Under the National Health Insurance System, all Koreans are beneficiaries of medical coverage as either an employee or as a member of a community [9] . The Health Insurance Review and Assessment Service database contains information concerning the claims of~50 million Koreans [9] but, because it is a claims database, clinically relevant information such as smoking, alcohol use, body weight and height were not available.
Study subjects and definition of variables
Data from subjects aged 15-49 years who gave birth from 2010 to 2012 were extracted for this study using the diagnosis and procedure codes from the International Classification of Diseases 10th revision (ICD-10). The procedure codes related to delivery were used to classify each delivery (Table S1) . A delivery of twins counted as one delivery. There were 459 842 deliveries in 2010, 461 037 in 2011 and 471 752 in 2012. If a subject delivered more than once during the 3-year study period, then only the first delivery was included in the present study to remove the possible correlations among deliveries in the same subject. After excluding the cases in which a subject delivered more than once during 3 years, data from 459 842 deliveries in 2010, 442 225 deliveries in 2011 and 380 431 deliveries in 2012 were analysed. To evaluate the total medical costs and to analyse the complications associated with pregnancy and delivery, the pregnancy period was estimated to be 10 months before the date of each subject's delivery.
All delivery cases were categorized into three pregnancy groups, normal, gestational diabetes and pre-existing diabetes, according to the ICD-10 codes. The pre-existing diabetes group was classified by the following codes: pre-existing diabetes and insulin-dependent during pregnancy (O24.0), pre-existing diabetes and non-insulin-dependent during pregnancy (O24.1), pre-existing malnutrition-related diabetes during pregnancy (O24.2), unspecified pre-existing diabetes during pregnancy (O24.3), unspecified diabetes during pregnancy (O24.9), insulin-dependent diabetes (E10), non-insulin-dependent diabetes (E11), other specified diabetes (E13) and unspecified diabetes (E14). Subjects were classified as having gestational diabetes if diabetes initially manifested during pregnancy (O24.4) and all others who did not have any codes related to diabetes were classified as the normal group.
The prevalence rates of pre-existing diabetes and gestational diabetes were estimated by dividing the number of females with either pre-existing diabetes or gestational diabetes giving birth in that year by the total number of females giving birth in that year [4] . Complications were defined according to the ICD-10 codes (Table S2) and were based on the definitions of complications from a previous study by Lutomski et al. [10] .
Statistical analysis
All statistical analyses were performed using the Statistical Program for SAS, version 9.2 (SAS institute Inc.; Cary, NC, USA). The medical costs and in-hospital days for all groups are presented as means AE SD, categorical variables were compared using the chi-squared test, and continuous variables were compared using a one-way ANOVA in conjunction with Tukey's post hoc test. To evaluate the effect of preexisting diabetes or gestational diabetes on pregnancy-related complications, we constructed three separate models for analyses by logistic regression analysis: (1) an unadjusted model; (2) an age-adjusted model; and (3) a multivariateadjusted model that adjusted for maternal age, multiple
What's new
• Many studies have shown that gestational diabetes and pre-existing diabetes aggravate complications during pregnancy. This study investigated the complications associated with normal pregnancy, pregnancy with gestational diabetes and pregnancy with pre-existing diabetes using data extracted from national health insurance claims.
• The findings showed that the prevalence of gestational diabetes increased rapidly during the period studied, both gestational diabetes and pre-existing diabetes were associated with several adverse pregnancy outcomes and complications, and the medical costs associated with pre-existing diabetes were higher than those for gestational diabetes.
• These data could aid in the development of healthcare policies that may reduce complications related to gestational diabetes and pre-existing diabetes during pregnancy.
pregnancy and pre-existing hypertension, which differed in rates among the normal, pre-existing diabetes and gestational diabetes groups. Additionally, in analyses of shoulder dystocia, preterm delivery and prolonged pregnancy (> 42 weeks) as adverse pregnancy outcomes, we adjusted for maternal age, multiple pregnancy, pre-existing hypertension and Caesarean section. The risks for each maternal complication were presented as odds ratios with 95% CIs and a P value < 0.05 was taken to indicate statistical significance.
Results
During the 3 years of the study (2010, 2011 and 2012) , the annual rate of deliveries complicated by pre-existing diabetes remained relatively stable, whereas the annual rate of deliveries complicated by gestational diabetes showed an increasing trend (4.6, 6.2 and 8.0%, respectively; Table 1 ). The rates of gestational diabetes and pre-existing diabetes increased with age (Table 1 ) and in subjects aged ≥ 35 years old, the rates of gestational diabetes and pre-existing diabetes were 7.1-11.3% and 4.1-4.7%, respectively, over the 3-year study period. The incidence of gestational diabetes was greater than the incidence of pre-existing diabetes in all age groups. The pre-existing diabetes and gestational diabetes groups had a higher rate of older subjects (≥ 35 years) as well as higher rates of Caesarean section, pre-existing hypertension and multiple pregnancy compared with the normal group ( Table 2 ). The effect of pre-existing diabetes or gestational diabetes on pregnancy-related complications is shown in Table 3 . The unadjusted risk for pregnancy-induced hypertension, with or without significant proteinuria, and eclampsia in the gestational diabetes and pre-existing diabetes groups were greater than in the normal group. After adjusting for age, the risk of pregnancy-induced hypertension, with or without significant proteinuria, and eclampsia were greater in the gestational diabetes and pre-existing diabetes groups than in the normal group, but the risk of eclampsia was not greater in the gestational diabetes than in the normal group in the multivariate-adjusted model. Compared with subjects in the normal group, the risk of genitourinary tract infections was greater in the gestational diabetes and pre-existing diabetes groups regardless of adjusting. Only subjects in the preexisting diabetes group were at a greater risk of embolism/ deep vein thrombosis and only those in the gestational diabetes group were at a greater risk of puerperal sepsis, regardless of adjusting. The risk of antepartum haemorrhage was greater and the risk of postpartum haemorrhage was lower in the pre-existing diabetes group, regardless of adjusting. The risk of pelvic and perennial trauma was lower in the gestational diabetes and pre-existing diabetes groups relative to the normal group and the risk of uterine rupture did not differ among the groups. The risk of shoulder dystocia was greater in the pre-existing diabetes group compared with the normal group, regardless of adjusting. Also relative to the normal group, the risks of premature separation of the placenta, placenta previa and placenta disorders were greater in the pre-existing diabetes group, regardless of adjusting. The risks of preterm delivery and premature rupture of membranes were greater in both the gestational diabetes and pre-existing diabetes groups, while the risk of prolonged pregnancy was lower relative to that in the normal group, regardless of adjusting. The risks of liver disease and chronic renal disease were greater in the gestational diabetes and pre-existing diabetes groups compared with the normal group, but the risk of acute renal complication was higher only in subjects in the pre-existing diabetes group, regardless of adjusting. The total medical costs during the pregnancy period, which was defined as the 10-month period before the delivery day, were also analysed (Fig. 1a) . The total cost during pregnancy for subjects in the pre-existing diabetes group was the highest (normal: $1,310; gestational diabetes: $1,477 pre-existing diabetes; $1,760). The total medical costs during pregnancy were also stratified based on delivery type; the total medical costs of the pre-existing diabetes group were highest in the both the vaginal delivery and Caesarean section categories. Likewise, the delivery-only costs (costs after admission for delivery) were analysed for each group; the delivery-only costs associated with the preexisting diabetes group were the highest among three groups (Fig. 1b) . After stratifying by delivery type, the delivery-only costs for both vaginal delivery and Caesarean section were highest in the pre-existing diabetes group. The mean AE SD number of in-hospital days associated with delivery calculated for the normal, gestational diabetes and pre-existing diabetes groups were 4.65 AE 2.67, 4.89 AE 2.76 and 5.39 AE 3.24 days, respectively with the pre-existing diabetes and gestational diabetes subjects having significantly longer stays than the normal group (P < 0.001).
Discussion
The findings of the present study show that 4.6-8.0% of deliveries in Korea were affected by gestational diabetes and the rate has increased rapidly. Several recent studies of the Korean population have found that gestational diabetes develops in 2-5% of females giving birth [12] , while the incidence of gestational diabetes in various different ethnic populations has been reported to be 3-6% [11] . It is possible that this rapid increase in the incidence of gestational diabetes is attributable to increasing maternal age and/or obesity or to an improved capability of detecting gestational diabetes because the screening procedure for this disease was recently generalized [2, 4] . Although the rates differ according to race, pregnant subjects with pre-existing diabetes may have either Type 1 diabetes (incidence: 0.5%) or Type 2 diabetes (incidence: 2%; [11] ). In the present 3-year study, 2.4-2.7% of deliveries were affected by pre-existing diabetes, but this rate did not significantly change throughout the study even though gestational diabetes rates increased every year. A health insurance claims database was used to gather these data, and the number of deliveries rather than the exact number of pregnancies was used to calculate the incidence rates of gestational diabetes and pre-existing diabetes. Despite this limitation, our data suggest that the rate of gestational diabetes increased every year.
Our findings of higher rates of gestational diabetes and pre-existing diabetes among deliveries to women in older age groups are consistent with previous observations [13, 14] . Accordingly, our study showed that the rate of women aged ≥ 35 years old was greater in the gestational diabetes and pre-existing diabetes than in the normal pregnancy group. Twin pregnancies are also associated with a greater risk of gestational diabetes [15, 16] and, in fact, during pregnancy the administration of hormonal antagonists of insulin, such as human placental lactogen that reduces tissue sensitivity to insulin, results in a diabetogenic state [17] . Additionally, pregnancy-related diabetogenic hormones are higher in a twin pregnancy than in a single pregnancy because of the greater placental mass [18] , therefore, a multiple pregnancy is more likely to be affected by gestational diabetes [15, 16] .
In the present study, the multiple pregnancy rate was greater in the gestational diabetes and pre-existing diabetes groups than in the normal group. Caesarean sections [1, 4, 8] and preexisting hypertension [19] are also more commonly associated with gestational diabetes and pre-existing diabetes than with a normal pregnancy. Consistent with this, the present study showed that the rates of pre-existing hypertension and Caesarean section were higher in the pre-existing diabetes and gestational diabetes groups relative to the normal group. Maternal age, pre-existing hypertension, the multiple pregnancy rate and the rate of Caesarean section differed among the normal, gestational diabetes and pre-existing diabetes groups. Because we presumed those differences might affect estimations of the influence of pre-existing diabetes or gestational diabetes on pregnancy complications, we used three different models: an unadjusted, an age-adjusted and a multivariate-adjusted model, which was adjusted for maternal age, pre-existing hypertension and multiple pregnancy. In cases of shoulder dystocia, preterm delivery and prolonged pregnancy, Caesarean section was also adjusted for, because those complications could be affected by Caesarean section. The primary cause of adverse outcomes in subjects with pre-existing diabetes and gestational diabetes is hyperglycaemia, which affects both the mother and the fetus. In fact, several studies have reported a linear relationship between maternal glucose levels and adverse pregnancy outcomes [20, 21] . Based on these findings, adverse pregnancy outcomes might be more prevalent in patients with pre-existing diabetes than in those with gestational diabetes because there is a greater likelihood of elevated glucose levels being present during early pregnancy [14] . In the present study, the influence of pre-existing diabetes or gestational diabetes on pregnancy complications differed based on the type of complication. While the risk of some complications was greater in the pre-existing diabetes group than in the gestational diabetes group, for other complications the risk was lower in the pre-existing diabetes group.
The relationship between pregnancy-induced hypertension and gestational diabetes is controversial [22] [23] [24] ; several studies have found such an association [22] , while others have not [23] , and still others suggest that this association varies depending on the type of pregnancy-induced hypertension [24] . These same authors also reported that gestational diabetes increases the risk rates for gestational hypertension, mild pre-eclampsia and severe pre-eclampsia although eclampsia was not related [24] . In the present study, the risk of pregnancy-induced hypertension with or without proteinuria was greater in the gestational diabetes and pre-existing diabetes groups than in the normal pregnancy group, and this risk was greater in the gestational diabetes group than in the pre-existing diabetes group regardless of adjusting. In the case of eclampsia, the risk was greater in both the gestational diabetes and pre-existing diabetes groups than in the normal group, but the risk was not increased in the gestational diabetes group after multivariate adjusting.
The association between venous thromboembolism and gestational diabetes is also controversial; several studies have reported an association between gestational diabetes and venous thromboembolism [25] , but this relationship was not found to be significant in other studies [26] . Diabetes during pregnancy is also a known risk factor for urinary tract infections [27] , but several studies have reported that gestational diabetes is not associated with this complication [28] . In the present study, both gestational diabetes and preexisting diabetes were associated with urinary tract infections.
The risks of wound infection, postpartum haemorrhage and pelvic and perineal trauma were lower in the pre-existing diabetes and gestational diabetes groups than in the normal group. This finding may have been influenced by the surgeons' decisions regarding when a delivery should be performed and/or which delivery method would be most appropriate, because a higher rate of planned delivery or Caesarean section in subjects with gestational diabetes or pre-existing diabetes could have decreased the incidence of wound complications or haemorrhage. The risk of shoulder dystocia in this study was greater in the pre-existing diabetes group than in the normal group, but gestational diabetes was not related to this issue. Previous studies have reported that the risk of shoulder dystocia is greater for those with preexisting diabetes than for those with gestational diabetes [14] . The risks of premature rupture of membranes or preterm delivery were also greater in the pre-existing diabetes and gestational diabetes groups than normal, which corroborates a number of reports of an association between preterm labour and diabetes during pregnancy [1] . Likewise, we identified a higher rate of placenta previa or disorder in the pre-existing diabetes, which confirms previous findings in studies of patients with gestational diabetes and pre-existing diabetes [19] . The risk of a liver disorder and chronic renal disease was also increased in the gestational diabetes and preexisting diabetes groups in the present study, as was the risk of acute renal complications in the pre-existing diabetes group. Because most complications associated with preexisting diabetes and gestational diabetes share risk factors such as age, pre-existing hypertension, obesity and multiple pregnancy, it is difficult to determine which factors result in effects that are more harmful during pregnancy in patients with pre-existing diabetes and gestational diabetes; however, the present study identified a trend in which pre-existing diabetes results in more dangerous pregnancy-related complications than gestational diabetes.
In 2007, gestational diabetes increased the total medical cost of a pregnancy in the USA by an average of $3,305 [3] . Similarly, a European study found that total mean healthcare costs adjusted for age, BMI and education were 25.1% higher among females diagnosed with gestational diabetes than among females without gestational diabetes (€6,432 vs €5,143; P < 0.001 [29] ). The present study also showed that the total costs of pregnancy and delivery were higher for the pre-existing diabetes group than for the gestational diabetes and normal groups. The in-hospital days necessary during delivery in the present study also followed this pattern of significance (pre-existing diabetes > gestational diabetes, pre-existing diabetes > normal and gestational diabetes > normal) and are consistent with a previous study of pregnancy-associated costs [14] . In the present study, the medical costs were estimated using only data from the health insurance claims database that could be confirmed. A more accurate estimation of medical costs should include indirect monetary and non-monetary costs such as increased time off from work or school, psychological stress, and reduced performance by offspring in school [3] . Although the present findings may underestimate the total economic burden associated with gestational diabetes and pre-existing diabetes, the results suggest that gestational diabetes and preexisting diabetes are important factors that increase medical costs.
The present study had several limitations. First, gestational diabetes or pre-existing diabetes were defined using the ICD-10 codes alone. The screening procedures, diagnosis methods and diagnostic criteria for gestational diabetes and preexisting diabetes may differ among various hospitals and it is possible that the diagnostic codes for these diseases were missing for some patients. Similarly, the complications were also defined using the ICD-10 codes, which might have led to the underreporting or misclassification of some complications. It has been suggested that in large population studies the actual strength of association may be overestimated by the calculated odds ratio [14, 30] . Thus, odds ratios, especially in the lower range (e.g. 1-2), should be interpreted with caution as they may not be clinically significant [14, 30] . Another limitation was that obesity, an important risk factor for gestational diabetes and pre-existing diabetes, was not included as a factor because the data were not available. Pregnancy outcomes of patients with pre-existing diabetes and gestational diabetes are related to glucose levels and the diabetes treatment method [20, 21] , but this information could not be accessed for the present study.
Strengths of this study include its large sample size. All data were obtained from a national health insurance claims database that contains the information of~50 million Korean people. Although there is a possibility that the findings of this study are over-or underestimated, they mirror the general trends associated with pre-existing diabetes and gestational diabetes in Korea. These findings may aid in the development of healthcare policies related to pregnant subjects with pre-existing diabetes or gestational diabetes and their babies.
In conclusion, the present study found that pre-existing diabetes and gestational diabetes could result in an increase in the medical costs and complications related to pregnancy.
Funding sources
Supporting Information
Additional Supporting Information may be found in the online version of this article: 
